This study aims to explore the relationship between the anxious symptoms and the impairment of 5hydroxytryptamine system in PD mice induced by different dosages of MPTP. The mice from the three model groups, the low-dose, dose and high-dose group, took longer time in the dark box than those in the control group (P<0.05). However, no statistically significant differences were found among the model groups. The number of open arm entry (OE) and the open arm time (OT) were significant lower in the model group than those in the control group in the elevated plus-maze test (P＜0.05). The percentage of OE in modle group was significantly lower compared with the control group (P＜0.05). The concentrations of striatum DA, HVA, 5-HT, and 5-HIAA were significantly reduced in the three model groups compared to the control group (P＜0.05) . The 5-HT concentrations of high-dose group was significantly lower than those of the control group in the prefrontal cortex (P＜0.05). Anxiety symptoms were appeared in the three model groups of early PD mice, but no difference existed among these groups. The 5-hydroxytryptamine system was damaged after MPTP injection, which could lead to anxiety. However, the impairment of 5-hydroxytryptamine system induced by MPTP was dose-independent.
INSTRUCTION
Parkinson's disease (PD) is a typical motor disorder, which is accompanied by nonmotor symptoms such as anxiety, depression, cognitive impairment, and autonomic nervous system. In recent years, increasing epidemiological and clinical studies reported that non-motor symptoms appeared before the incidence of classical motor symptoms [1] . Besides motor disorder, 60-80% patients have various degrees of mental disturbances simultaneously, including depression, anxiety, sleep disturbances, dementia, and drug-induced mental disturbances. The influences of the mental disturbances on life quality of patients are more significant than the motor disorder [2] . It has been reported that the incidence rate of anxiety in PD patients reaches 39-60% [3] . Another study has also showed that more than 40% PD patients have generalized anxiety, fantod, and social phobia, and this rate was significantly higher than that in general populations [4] . Recently, increasing attentions have been paid on anxiety disorders in PD, which markedly affect the incidence, development, and prognosis of this disease. However, whether anxiety is a simultaneous phenomenon or a secondary psychosocial change of PD is still unclear. So far, most researches have focused on clinical observation of PD patients for anxiety disorders [5, 6] , but the evidence-based studies are still lacking. In this study, the anxious symptoms of acute PD mice induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) were observed, and the relationship between anxiety and neurotransmitter and the influences of MPTP dosage on PD mouse model were discussed.
MATERIALS AND METHODS

Animals and reagents
Forty male C57BL/6J mice of 8 weeks old weighing 20-25 g were purchased from Shanghai Sliker Experimental Animal Limited Liability Company (CHN). The breeding was in clean level with circadian rhythms of 12/12 h light/dark cycle, and the animals got food and water adlibitum. The animal study was approved by the Institutional animal care and use committee of The First Affiliated Hospital of Wenzhou Medical University (permit No. PA2015347), and all animal procedures were performed according to the IACUC policy. MPTP, standard materials of dopamine (DA), homovanillic acid (HVA), 5hydroxytryptamine (5-HT), and 5-hydroxyindoleacetic acid (5-HIAA) were purchased from Sigma company (USA), and the rest reagents were domestic analytically pure. The self-made elevated plus-maze, the light/dark box, and the High Performance Liquid Chromatography (HPLC) were from Agilent technology, Inc., and the refrigerated centrifuge was from Beckman Coulter, Inc. (USA).
Grouping and modeling
Forty C57BL/6 mice were randomly grouped into 4 groups by weight, and each group contained 10 mice which received continuously intraperitoneal injection for 8 days. MPTP 20 mg/kg for one day and normal saline (NS) 20 mg/kg for seven days were used for acute low-dose group (LG). MPTP 20 mg/kg and NS 20 mg/kg for four days were used for dose group (DG). MPTP 20 mg/kg for eight days was used for highdose group (HG). NS 20 mg/kg for eight days was used for the control group (CG).
The light/dark box test
Based on the test design of Crawley J et al. [7] , the light/dark box was 44 cm in length, 21 cm in width, and 21 cm in height. There were 2/3 for light area and 1/3 for dark area, and mice could pass the hole between these two areas. The incandescent lights were in top of light area. After the mice stayed in the box for 5 min, the transition time between the two areas were countered by a counter, and the time in dark area was recorded by a timer.
The elevated plus-maze test
Based on the test design of Mudò [8] , the maze was made of stainless steel, painted with matte black, and contained four arms. There was no wall for two open arms, but a 15.25 cm-high wall on each side of the two closed arms. The arms were 5 cm in width, 30 cm in length, and attached to a solid metal stander which made the maze raising 40 cm. The maze was put in a well-lighted room with six 32 W fluorescent lamps symmetrically set on top, and 2,800 flux was stably sustained by this illumination system. The mice were moved from the cages to the intersection of the open arms and the closed arms, and faced to the open arms direction and back to laboratory staffs, then movements of mice in the following 5 min were recorded as follows: (1) 
HPLC test
The second day after the praxeology test, the mice received intraperitoneal anesthesia with 10% chloral hydrate (4 ml/kg), and the brain was taken to isolate the bilateral prefrontal cortex, hippocampus, and striatum, which were preserved in liquid nitrogen. The frozen tissues were weighed and 0.1 mol/L perchloric acid was added (1 mg: 10 μl) and ultrasound homogenization was performed. The homogenate was centrifuged twice at 10,000 rpm/min at 4℃, and the supernatant was filtered by microporous filter. The concentrations of DA, HVA, 5-HT, and 5-HIAA of the samples were analyzed with HPLC.
Statistics
The quantitative data was analyzed with SPSS 18.0 and expressed as x s. The data from four groups was analyzed by one-way analysis of variance (ANOVA). After pairwise comparison, lest significant difference (LSD) test was performed for data with equal variance and Dunnett' T3 test was performed for the rest data. P<0.05 was considered statistically significant.
RESULTS
The light/dark box test
The results from the light/dark box test showed that the transition number of each group was different (F=3.084, P<0.05), but no significant differences were found between the model group and CG or among the model groups. The CT differences of four groups were statistically significant (F=3.253, P<0.05), so were the CT differences between the model group and CG (P<0.05) (Table 1 ). However, the groups treated with different dosages of MPTP did not show significant differences in CT. The acute PD mice induced by MPTP stayed in the dark area for a longer time compared with the control mice, and showed corresponding anxious symptom, but there were no significant differences in time among the groups. 
The elevated plus-maze test
In the elevated plus-maze test, significant differences were found in OE, OT, OE%, and OT% in four groups (P<0.01). For OE, OT, and OT%, the differences between the model group and CG were statistically significant (P<0.05), but no significant difference was found between any two model groups (P>0.05). Compared to CG, the OE% of either LG or DG showed significant differences (P<0.05). The OC% difference between HG and CG was not statistically significant, and the OE% difference among the model groups showed similar results (P>0.05) (Table2). The MPTP-induced acute PD mice stayed in open arms for a shorter time compared with the control mice, but the extent difference of anxiety caused by different dosages of MPTP was not statistically significant. 
Analyses of neurotransmitter in striatum by HPLC
The concentrations of DA, HVA, 5-HT, and 5-HIAA in striatum were measured by HPLC, and the mean values of which were significantly different among four groups (P<0.05). For DA concentration, the differences between LG and CG, DG and LG, HG and DG were statistically significant (P<0.05). Comparing to CG, the concentrations of HVA, 5-HT, and 5-HIAA showed obvious difference in the model groups, but there was no significant difference between any two model groups (Table  3 ). These results suggested that MPTP affected that DA in striatum of mice in a dosedependent manner, whereas MPTP influenced 5-HT concentration in striatum in a dose-independent manner. 
Analyses of neurotransmitter in hippocampus by HPLC
The differences of 5-HT and 5-HIAA concentrations between the model groups and CG were statistically significant (P<0.05), but the DA and HVA concentration in hippocampus of four groups were comparable (P>0.05). For the four neurotransmitters, the concentrations among the three model groups were not significantly different (P>0.05) ( Table 4 ). Our results suggested that, in hippocampus, MPTP could influence 5-HT but not DA. 
Analyses of neurotransmitter in cortex by HPLC
In cortex, the concentration differences of 5-HT were statistically significant among the four groups (P<0.05), but the concentrations of DA, HVA, and 5-HIAA showed no significant differences among these groups (P>0.05). Comparison of 5-HT concentrations between the model and control groups showed that differences between HG and CG, HG and DG were statistically significant ( Table 5 ). These results suggested that MPTP potentially caused 5-HT damage in cortex. However, it was still unknown whether the extent of 5-HT damage was resulted from different dosages of MPTP. 
DISCUSSION
C57BL/6 mice are one of the most sensitive animals to MPTP, a common drug inducing PD. The MPTP-induced PD mice well reveals the changes of neuro pathogenesis and biochemistry in PD. It selectively damages the dopaminergic neurons in substantia nigra striatum system, which results in loss of DA and the appearance of selective motor disorders [9] . The PD mice induced by different dosages of MPTP would cause different changes of neuro biochemistry [10] . In this study, MPTP was used to induce acute PD mouse model. Our results showed that the concentrations of DA and HVA in striatum significantly decreased after MPTP injection, and the extent of DA damage was correlated with the dosage of MPTP as the high-dose of MPTP led to a greater reduction of DA (Table. 3). It has been reported that acute MPTP modeling led to damage of intracerebral DA system [10, 11] . When loss of DA nerve fibers in striatum is more than 70-80% or more than 50-60% of DA neurons in substantia nigra compactly died, patients would show clinical symptoms of PD [12] . Our results suggested that the PD models were induced successfully. However, the reduction of DA and HVA in hippocampus and cortex was no observed in our models, which was inconsistent with the previous reports. We speculated that this phenomenon might be due to the insufficient modeling time, which was not long enough to cause these damages in these areas. Anxious disorder is a neurotic disorder with anxiety as the primary problem and mainly characterized by widespread and persistent anxiety and repeated attacks of panic. As a mental symptom, anxiety has both subjective and objective manifestations. The subjective expression is an anxiety mood that the patient is haunted with fear without a specific objective target and detailed perception. There are two aspects for objective expression, one is motor restlessness and muscle tension, and the other is dysfunction of autonomic nerve [13] . The elevated plus-maze and the light/dark box are the two widely accepted systems for testing mice anxiety [14, 15] . The MPTPinduced PD mice showed early symptoms were used in the elevated plus-maze test and the light/dark box test in this study. In the light/dark box test, PD mice took a longer time in dark area, and in the maze test, mice of LG and DG took a shorter time in the open arms. These results suggested that PD mice showed obvious anxiety symptom at early time. Our results also showed that, compared to the control group, the transition number of PD mice between the light and dark areas was lower, while the total number of OE and CE had no significant differences, which would be explained by the symptom (acting slowly) of PD mice. Our results implied that anxiety was a simultaneous phenomenon of PD instead of the consequence of patient's psychological reactions. In the present study, we found that different dosages of MPTP did not induce different levels of anxiety of mice, which indicated that anxiety symptom was not only determined by MPTP, and the changes of intracephalic neurotransmitters in PD mice may also play a role in the development of anxiety. It has been reported previously that about 50% of PD patients had anxiety [16] , and 40% of outpatients simultaneously had PD and anxiety disorder [17] . Anxiety disorder could not be ignored in treatment of PD patients. Dysthymic disorders, such as anxiety and depression, have been considered as the determinant factors of life quality of PD patients [18] . Interestingly, a retrospective cohort study with large sample population shows that a person having anxious personality is more easily to suffer from PD [19] , which indicated an interrelationship between anxiety symptom and PD pathogenesis. A relationship between biochemistry change of non-DA neuron and anxiety in PD has been proposed, and this anxiety was considered to be organic [15] . Our results showed that the concentrations of 5-HT and 5-HIAA in the detected encephalic regions of MPTP-induced PD mice were decreased significantly compared with the control mice, consistent with the previous report by by Bower (2010) [9] . Rousselet et al. also found that acute MPTP modeling resulted in reduction of 5-HT in striatum and cortex of mice [20] . Vuckovic et al. using MPTP to induce acute mouse model and found that, 7 and 30 days after modeling, 5-HT concentration in prefrontal cortex in model mice significantly decreased compared to control mice [21] . It has been reported that defect of 5-HT transporter gene may increase the susceptibility to anxiety and depression of PD patients [22] . The 5-HT1A receptor is a self-receptor and regulates 5-HT release, antagonist of which leads to anxiety [23] . Using the 5-HT1A receptor antagonist WAY_100635 would reverse the antianxiety function induced by systemically or DRN locally using 5-HT1A receptor agonist 8-OH-DPAT. It was speculated that the antianxiety function of 8-OH-DPAT was achieved through activating 5-HT1A receptor of cytodendrite [24] . Our PD mice showed obvious anxiety symptoms, and HPLC detection of encephalic regions (prefrontal cortex, hippocampus, and striatum) found reduction of 5-HT and its metabolites. These data implied that the anxiety symptoms of MPTP-induced acute PD mice were related with encephalic 5-HT damage, and the system burdens appeared at early time of PD. The concentration of DA and its metabolites HVA were greatly reduced in striatum but not in hippocampus and cortex, which differ from other previous report [25] . This difference might be explained by the modeling time that was not long enough to induce such damages in hippocampus and cortex. Our results implied that the anxiety of PD mice was not directly mediated by the DA mood regulation pathway that was in deutocerebrum limbic system and detocerebrum cortex system.
CONCLUSION
Our study showed MPTP induced anxiety and 5-HT damage in PD mice in a doseindependent manner. Further studies are needed to access whether the anxiety symptom and biochemistry change caused by subacute or chronic models were different from that caused by acute mouse model. How the anxiety disorder in PD patients is regulated by 5-HT is still needed further investigation.
